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To date, several genetic variants that lead to a deficiency of chitotriosidase activity have been
described. The duplication of 24 bp (dup24bp) in exon 10 of the CHITI gene, which causes a complete loss of
enzymatic activity of the gene product, is the most common among the European population. The aim of the
study was to evaluate the possibility of using chitotriosidase activity as an additional biomarker in diagnosis
of lysosomal storage diseases (LSDs) in Ukraine, to determine this parameter in blood plasma of the patients
with various lysosomal diseases and to assess the effect of the presence of dup24bp in the CHITI gene on
this parameter. It has been shown that chitotriosidase activity in blood plasma is a convenient additional
biochemical marker in the diagnosis of some LSDs, namely Gaucher disease, Niemann-Pick disease A, B, C
and GMI-gangliosidosis. Reference ranges of the normal chitotriosidase activity were determined in blood
plasma of Ukrainian population and found to be 8.0-53.1 nmol 4-methylumbelliferone/h-ml of plasma. The
total allele frequency of the dup24bp in the CHITI gene in Ukrainian population was determined, which
amounted to 0.26 (323/1244) that is higher than in European population. It was indicated that molecular-
genetic screening of dup24bp in the CHITI gene is a necessary stage in a protocol for the laboratory diagnosis
of Gaucher disease, Niemann-Pick disease A, B, C as well as GM1-gangliosidosis to avoid incorrect diagnosis.
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( j hitinases (3.2.1.14) are enzymes, the main
function of which is to degrade chitin.
Mammalian chitinases belong to the gly-

cosyl hydrolase 18 family (GH-18) and are charac-

terized by both endochitinase activity (that is, they
cleave randomly chitin polymer into oligosaccha-
rides of varying lengths) and exochitinase activity

(they cleave off N-acetylglucosamine monosaccha-

ride from the end of chitin polymer) [1]. It is believed

that the ability of mammalian chitinases to degrade
chitin-containing pathogens such as intracellular
parasites, fungi, chitin-containing microorganisms,
etc., is their primary biological function. Human
chitinase was first discovered owing to its ability to
hydrolyze chitotriosidase substrates that determined

its name chitotriosidase (CHITI) [1].
Chitotriosidase gene CHITI (OMIM

600031.0001) localized on chromosome 1g32.1 con-

tains 11 exons and spans about 14000 bp of genomic

DNA encoding a protein of 466 amino acids [2]. At

present, several genetic variants that cause a deficien-

cy in chitotriosidase activity have been described.

Duplication of 24-bp (dup24bp) in exon 10 of the
gene (rs3831317) is the most common among the Eu-
ropean population [3]. This duplication causes aber-
rant splicing and a deletion of amino acids 344-372,
resulting in a complete loss of enzymatic activity of
the gene product. It has been shown that individuals
who have a pronounced deficiency in chitotriosidase
activity are characterized by increased susceptibility
to chitin-containing pathogens such as Wuchereria
bancroftifilarial, Plasmodium falciparum malaria,
Cryptococcus neoformans and Candida albicans [4].

CHITI is mainly produced by activated mac-
rophages [1]. Taking into account that CHIT] is the
most active in macrophages, it has been shown that
hyper production of the enzyme occurs upon various
chronic inflammatory processes such as atheroscle-
rosis, idiopathic juvenile rheumatoid arthritis, in-
flammatory intestinal disorders, granulomatous and
fibrotic interstitial lung diseases and others [5-8].
A significant increase in chitotriosidase activity is
also observed upon some lysosomal storage diseases
(LSDs), which are inherited metabolic disorders
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caused by defective functioning of specific lysoso-
mal hydrolases and accompanied by the accumula-
tion of undegraded intracellular metabolites [9].

To date, more than 50 LSDs have been de-
scribed, which altogether occur with an incidence of
about 1:5000 of live births [9]. Despite the differen-
ces in nature of the accumulated substances upon
different LSDs, there are many common features in
the pathogenesis of these diseases [10]. The immune
response to chronic accumulation of undegraded
substrates leads to the development of chronic in-
flammation accompanied by the macrophages acti-
vation and increased secretion by these cells of large
amounts of various inflammatory mediators, includ-
ing chitotriosidase [11].

Thus, an increase in the chitotriosidase activity
upon some LSDs is a secondary biomarker used in a
diagnostic protocol, in parallel with detection of the
primary biochemical defect, that is, the determina-
tion of the activity of the corresponding lysosomal
enzyme in the blood cells, as well as for monitoring
the efficacy of a specific therapy [12]. However, the
presence of dup24bp in the CHIT! gene of LSDs pa-
tients, on the one hand, can complicate the diagnos-
tic process resulting in incorrect diagnosis and, on
the other hand, can make it impossible to use chito-
triosidase activity as a biomarker for monitoring the
efficacy of enzyme replacement therapy. This prob-
lem is of particular importance due to rather high
frequency of dup24bp in the European population
[4, 12-18].

The aim of our study was to evaluate the pos-
sibility of using chitotriosidase activity as an additio-
nal biomarker for the diagnosis of LSDs in Ukraine
by determining this parameter in blood plasma of the
patients with various lysosomal diseases and effect
of dup24bp in the CHITI gene on this parameter.

Materials and Methods

Plasma and whole peripheral blood of patients
with confirmed LSDs (190 persons) and healthy do-
nors (622 persons) with no LSDs were used in the
study. The written informed consent was obtained
from each participant after the nature of the study
had been fully explained. Among the volunteers
were representatives from all regions of Ukraine
that allowed us to consider the obtained results as a
characteristic for the entire population of Ukraine.

Chitotriosidase activity in plasma was evalua-
ted by degradation of the fluorogenic substrate.
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As a substrate, 22 uM of 4-methylumbelliferone-
triacetylchitotriazide (Sigma, USA) in citrate-phos-
phate buffer (pH 5.2) was used. The reaction mixture
contained 5 pl of plasma and 100 pl of substrate.
Incubation of samples was carried out at 37 °C for
1 h. Reaction was terminated by adding 1.0 ml of
0.25 M NaOH-glycine buffer (pH 10.4). Calibra-
tion was carried out using a series of dilutions of
standard 500 uM 4-methylumbelliferone (4-MU) so-
lution (Sigma, USA). 4-MU fluorescence was meas-
ured at excitation wavelength 365 nm and emission
wavelength 448 nm with fluorometer Victor (Wal-
lacOy). The results were expressed as nmol 4-MU/h
ml of plasma. Samples with chitotriosidase activity
more than 100 nmol of 4-MU/h-ml plasma were re-
studied [19]. For this purpose, plasma was 50-fold
diluted with 0.2% human serum albumin (HSA) and
incubated with substrate for 15 min.

DNA was isolated from peripheral whole blood
obtained with EDTA using DNA-sorb-V kit (Cen-
tral Research Institute of Epidemiology, MOH, Rus-
sia). The quality of DNA samples was evaluated by
measuring absorbance at 260 nm with a spectro-
photometer Specord-40 (AnalytikJena AG). DNA
samples were stored at 4 °C. Dup24bp in 10 exon of
the CHITI gene was determined by PCR method as
described in [20]. Standard mixture for amplifica-
tion and primers such as 5~ AGCTATCTGAAGCA-
GAAG-3' and R 5-GGAGAAGCCGGCAAAGTC-3'
were used for reaction. The amplification conditions
were the following: denaturation step for 10 min at
94 °C, 41 cycles: for 30 sec at 94 °C, for 30 sec at
51 °C, for 30 sec at 72 °C and prolonged annealing
for 5 min at 72 °C. Such reaction allowed identifying
the allele with duplication (fragment 99 bp), hete-
rozygotes (fragments 75 bp and 99 bp) and wild-type
allele (fragment 75 bp). Visualization was performed
in 3% agarose gel by staining with ethidium bro-
mide.

Statistical analysis of the obtained results on
chitotriosidase activity was performed using MS
Excel spreadsheets. Normality of the data distribu-
tion was assessed by y? criterion and Kolmogorov-
Smirnov test. For the patients with Gaucher disease,
heterozygous for the duplication, Yates correction
was applied due to the smaller amount of data — 7
persons. Taking into account that all mentioned pa-
rameters had been normally distributed, the standard
Student’s #-test was used to assess the significance of
differences between these groups.
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Results and Discussion

Taking into account the high frequency of
dup24bp in the CHITI gene in European countries
[4, 12-18], its prevalence among the population of
Ukraine was assessed by screening of this genetic
variant in 622 voluntary donors. In 362 individuals
(58.2%) dup24bp in the CHIT1 gene was not de-
tected; in 197 persons (31.7%) the duplications were
found in the heterozygous state and in 63 persons
(10.1%) — in the homozygous state. The overall al-
lele frequency of dup24bp in the CHIT1 gene in the
population of Ukraine was 0.26 (323/1244).

Thus, considering the high probability of
dup24bp in the CHITI gene in the population of
Ukraine, CHITI genotype was determined obligato-
rily during the further study of chitotriosidase activi-
ty in patients with LSDs to avoid the influence of
hereditary deficiency on this parameter.

Chitotriosidase activity in healthy individuals
with no dup24bp in the CHITI gene ranged from
3.3 to 81.0 nmol 4-MU/h ml of plasma; in the pa-
tients with one copy of active CHIT1 gene this pa-
rameter ranged from 0.9 to 24.3 nmol 4-MU/h ml of

plasma, and in the patients with genotype dup24bp/
dup24bp — from 0 to 1.3 nmol 4-MU/h-ml of plas-
ma (Fig. 1). Data analysis of chitotriosidase activi-
ty in healthy individuals considering their genotype
showed that the average activity of the enzyme in
homozygotes for the wild-type allele (allele N)
CHITI gene reliably differ from the activity of the
enzyme in homozygotes for dup24bp and heterozy-
gote carriers of this duplication (P < 0.05).

Thus, analyzing chitotriosidase activity in
blood plasma of the LSDs patients, it was assumed
that the increased activity was the activity, which
exceeded 53 nmol 4-MU/h-ml of plasma in case of
the absence of dup24bp in the CHITI gene (95" per-
centile).

Assessment of chitotriosidase activity in the
blood plasma of the patients from Ukraine with
confirmed clinically and biochemically LSDs was
carried out (Table 1). A nosological diagnosis of
LSDs was based on the evaluating of the primary
biochemical defect, namely, the deficiency of activity
of the corresponding lysosomal enzyme in leukocyte
homogenates. Taking into account the abundance of
deficient variant of the CHITI gene in Ukrainian
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Reference range (5-95%) 8.0-531 3.5-91 0-0.49
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Fig. 1. Distribution of the values of chitotriosidase activity in blood plasma of healthy individuals accordingly
to the CHITI-genotype: N/N — homozygous for the wild-type allele; dup24bp/N — heterozygote carriers of
duplication; dup24bp/dup24bp — homozygous for duplication
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Table 1. Chitotriosidase activity in the blood plasma of patients with LSDs

Number of patients

Number - Chitotriosidase activity,
Disease of examined le[h 1gcr§ased nmol 4-MU/h-ml
. chitotriosidase

patients activity of plasma
Mucopolysaccharidoses
MPS I (Hurler-Scheie syndrome) 7 0 5-40
MPS II (Hunter syndrome) 13 0 12-34
MPS III A (Sanfilippo syndrome A) 9 0 2-45
MPS III B (Sanfilippo syndrome B) 2 0 3,54
MPS III C (Sanfilippo syndrome C) 1 0 13
MPS IV A (Morquio syndrome A) 12 0 3-62
MPS 1V B (Morquio syndrome B) 1 0 7
MPS VI (Marteaux-Lamy syndrome) 2 0 9,13
Sphingolipidoses
Metachromatic leukodystrophy 15 0 2-44
GM1 gangliosidose 17 15 0 1%, 442-3094
Gaucher disease 56 53 0*, 3182-33238
Fabry disease 3 0 3-15
Krabbe disease 8 2 5-5, 120, 290
GM2 gangliosidose 4 0 8-25
Niemann-Pick disease A/B 6 6 658-2506
Niemann-Pick disease C 2 2 1433, 1675
Mucolipidoses
Mucolipidose I1 6 0 4-31
Mucolipidose 111 2 0 3,14
Oligosaccharidoses
a-mannosidosis 2 0 11, 16
Fucosidosis 1 0 24
Sialidosis 1 0 12
Galactosialidosis 1 0 9
Other LSDs
Neuronal ceroid lipofuscinosis 11 7 0 1-55
Pompe disease 3 0 6-22
Control 622 0-81

* Chitotriosidase activity in the patients who have homozygous dup24bp.

population, a genotype for that gene was also de-
termined in all patients with LSDs to avoid the in-
fluence of hereditary deficiency of chitotriosidase

activity on the results.
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It should be noted that there was no increase

in chitotriosidase activity in the patients with mu-
copolysaccharidosis, oligossaccharidosis and mu-
colipidosis upon confirmed absence of dup24bp in



N. V. Olkhovych

the CHITI gene. There was also no increase in the
activity in the patients with type II ceroid lipofusci-
nosis and Pompe disease.

The largest increase in chitotriosidase activity
in plasma was observed in the patients with Gaucher
disease. This feature has been well described and
widely used as an additional biomarker in diagnos-
tics of the disease and in monitoring the efficacy of
specific therapy [12]. In the examined patients with
Gaucher disease, chitotriosidase activity in plasma
exceeded the average values by 100-400-fold com-
pared to healthy persons, that is significantly higher
than at any other LSDs. However, hereditary defi-
ciency of chitotriosidase activity should be taken
into account in case of application of this biomarker
for primary diagnosis of Gaucher diseases.

It can be seen (Fig. 2) that among the examined
56 patients with Gaucher disease, complete absence
of chitotriosidase activity has been observed in three
persons owing to deficient variant of the CHITI
gene, and in the patients with dup24bp in heterozy-
gous state, chitotriosidase activity reliably differed
from the activity in homozygote wild-type allele

(P < 0.05). The total allele frequency of dup24bp in
the CHITI gene in the patients with Gaucher disease
in Ukraine was 0.12 (13/112).

Taking into account that a significant increase
in chitotriosidase activity is an additional specific
diagnostic marker of this disease, along with the pri-
mary biochemical defect (leukocyte glucocerebro-
sidase deficiency), the absence of this activity can
lead to misinterpretation of the biochemical data and
false-negative diagnosis of Gaucher disease.

Besides the patients with Gaucher disease, all
patients with Niemen-Pick disease A/B and C as
well as majority of the patients with GM1-ganglio-
sidosis also had an increased chitotriosidase activi-
ty, although not as significant as in case of Gaucher
disease (Fig. 3). Two patients with GM1-gangliosi-
dosis, who did not have an increased chitotriosidase
activity, had dup24bp in both alleles of the CHITI
gene, i.e. a hereditary deficiency of this enzyme.

It should be noted that the average values of
chitotriosidase activity in the patients with Gaucher
disease, GM1-gangliosidosis, Niemen-Pick disease
A/B and C, and with confirmed absence of dup24bp
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Fig. 2. Distribution of the values of chitotriasidase activity in blood plasma of the patients with type 1 Goucher
disease accordingly to the CHITI-genotype: N/N — homozygous for wild-type allele; dup24bp/N — heterozy-
gote carrier of duplication; dup24bp/dup24bp — homozygous for duplication
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significantly differ from the values of chitotriosidase
activity in healthy individuals (P < 0.05). Reference
ranges of the activity in these groups of patients did
not overlap with ranges in the controls, except the pa-
tients with Krabbe disease. A slight increase in chi-
totriosidase activity was found only in two of eight
patients with Krabbe disease, whilst the remaining
six patients had a normal activity of chitotriosidase
upon confirmed absence of dup24bp in the CHITI
gene. This led to a disruption of the normal distribu-
tion and to the absence of reliable differences be-
tween the values obtained for this group of patients
and a control group of healthy individuals (P > 0.05).

34000

Thus, the use of this feature as an additional diag-
nostic biomarker for the diagnosis of Krabbe disease
is considered to be inappropriate.

Thus, chitotriosidase activity in plasma can
serve as an additional convenient biomarker in the
diagnostics of mentioned above LSDs in Ukraine on
condition of obligatory test of the absence of heredi-
tary deficiency of this enzyme.

The LSDs pathogenesis is based on the accu-
mulation of undegraded components in cells that
leads to the development of a chronic inflammation
as a result of activation of the immune system [11].
According to modern concepts, the LSDs pathogene-

33000
32000

31000

30000

29000
28000

27000
26000

25000
24000

23000

Ly

9000

8000

7000

Chitotriosidase activity,

6000

5000

4000

nmol 4-methylumbelliferone/h-ml of plasma

3000
2000

1000
0

Control

Gaucher
disease

GM1 ganglio-
sidoses

Krabbe
disease

Niemann-Pick Niemann-Pick

disease A/B

disease C

Average value (+SD)

261 +£13.7

16509 + 7738

1569 + 904

62.13 + 100

1713 + 695

1554 + 171

Maximal value

81

33238

3094

290

2506

1675

Minimal value

3.3

6011

442

5

658

1433

Reference range (5-95%)

8.0-531

7172-29614

460-3012

4-210

675-2315

1433-1675

Number of persons

362

46

15

8

6

2
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sis is a cascade of biochemical and cellular reactions
in response to an intracellular accumulation of unde-
graded substrates. The contribution of different reac-
tions to the development of the pathological process
upon various LSDs differs greatly and depends on
the type and toxicity of the accumulated substrate
[10]. A common feature of the diseases, for which
an increased chitotriosidase activity in blood plasma
has been shown, is the defective macrophage func-
tion and tissue infiltration by macrophages resulting
in the visceral organs failure.

Thus, an increased chitotriosidase activity has
been found to be a result of a pathological process
induced by accumulation of undegraded substrate
in activated macrophages, so this marker can be
an indicative feature of the severity of the patho-
logical process in patient. These data resulted in the
recommendations of the International Collabora-
tive Gaucher Group (ICGG) on the use of chitotrio-
sidase activity in blood plasma as a biomarker for
the identifying of the patients with Gaucher disease
and monitoring the efficacy of enzyme replacement
therapy [12]. However, genetic variations in the
CHITI gene, which significantly affect the activity
of the enzyme, complicate the diagnosis of Gaucher
disease and other LSDs and make it impossible to

use this biomarker for monitoring of the patients —
carriers of these genetic variants.

In our study the frequency of dup24bp in the
CHITI gene, which significantly affect the chito-
triosidase activity, has been analyzed. It has been
shown that the obtained frequency of homozygotes
upon dup24bp in the CHITI gene in the Ukrainian
population was higher than the frequency of this
genetic variant in other European populations (Tab-
le 2).

It is known that genetic drift is the main factor
causing fluctuation of allelic distribution [16]. This
occurs in a random manner however it may lead to
the removal of mutant genotypes from the popula-
tion during an uncertain period of time. In small and
limited populations, this process occurs faster, since
each random event affects the overall allele distribu-
tion more significantly. Therefore, it is possible that
in African and other populations the mutant CHIT1
genotype has been lost during this process. Further-
more, genetic drift in West Africa can be enhanced
by migration of African population to Europe and
Asia. [16] Other researchers suggested that the low
allele frequency of dup24bp in some regions is as-
sociated with a high prevalence of parasitic diseases
and other chitin-containing pathogens responsible

Table 2. Genotype frequencies for dup 24bp allele in the CHITI gene for various populations

Number Heterozygote Homozygote
Population of examined frequency frequency Reference
persons (dup24bp/N), % | (dup24bp/dup24bp), %
Africa 492 0-0.2 0 [4]
Morocco 90 20 0 [16]
Italy (continental) 99 343 2.0 [16]
Portugal 295 373 2.7 [18]
Spain 269 36.8 3.7 [12]
Turkey 95 29.5 42 [16]
Netherland 171 35.1 6.4 [3]
Brazil 122 42.6 9.0 [17]
France (continental) 128 313 9.3 [16]
Ukraine 622 31.7 10.1 This study
Mexican 692 44.2 11.3 [13]
Amerindians
Peruvian 135 30-56 12-26 [14]
Amerindians
Korea 231 47.2 32.5 [15]
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for the presence of population selection for this vari-
ant of the CHITI gene. High level of parasite inva-
sion in African population and selection towards the
need for high chitotriosidase activity explains an al-
most complete absence of duplication in the CHITI
gene in the population of this continent [4]. Further
researches on the cause of the high frequency of he-
reditary deficiency of chitotriosidase activity among
the population of Ukraine are required.

Thus, the high frequency of dup24bp in the
CHITI gene among the population of Ukraine makes
the screening of this genetic variant an important
stage of the diagnostic protocol to identify patients
with LSDs. Furthermore, it should be noted that
4.6% of the patients with Gaucher disease in Ukraine
have a hereditary deficiency of chitotriosidase activi-
ty, which makes it impossible to use this biomarker
to monitor the efficacy of enzyme replacement thera-
py in these patients and requires the use of other in-
dicators.

Thus, the obtained data enable us to draw some
conclusions, namely:

- chitotriosidase activity in blood plasma is a
convenient additional biochemical marker in the
diagnosis of some LSDs, such as Gaucher disease,
Niemann-Pick disease A/B and C, GM1-gangliosi-
dosis;

- reference intervals of normal chitotriosidase
activity in the blood plasma of the population of
Ukraine ranged from 8.1 to 53.1 nmol 4-MU/h-ml
of plasma;

- total allele frequency of dup24bp in the
CHITI gene among the population of Ukraine was
0.26 (323/1244) that is higher than the frequency
of this genetic variant in other European popula-
tions; the total frequency of the allele dup24bp in
the CHITI gene in the patients with Gaucher disease
from Ukraine was 0.12 (13/112);

- molecular-genetic screening of dup24bp in the
CHITI gene is a necessary step in the laboratory di-
agnosis of Gaucher disease, Niemann-Pick disease
A/B, C and GM1-gangliosidosis to avoid an incor-
rect diagnosis of these diseases in Ukraine;

- for the patients with Gaucher disease who
have dup24bp in the CHITI gene, the use of other
biomarkers to monitor the efficacy of enzyme re-
placement therapy is required.
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XITOTPIO3BUJAA3HA AKTUBHICTb
SAAK TOOJATKOBUI BIOMAPKEP

Y ATATHOCTH LI JII3OCOMHHUX
XBOPOb HAKOITMYEHHA

H. B. Onvxosuuy

JY THCTUTYT reHeTUYHOI Ta pereHepaTUBHOL
menuunau HAMH VYkpainu, Kuis;
HIACIT «OXMATIAUT» MO3 Ykpaiuu, Kuis;
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OmnucaHo KimbKa TEHETUYHUX BapiaHTIB,
0 TPHU3BOAATH 110 AEPIUTY XIiTOTPio3UIa3HOI
AaKTHBHOCTI, aJlé HaHpPO3MOBCIOMKCHIIIUM  Cce-
pen €BPOMEHCHKUX TOMYJAMIN € JyTuTiKamis
24 mH. (dup24bp) B 10-my ex3oni rena CHITI,
fKa CIPUYMHIOE TOBHY BTpPaTy EH3UMaTHYHOI
aKTHBHOCTI NPOAYKTY TreHa. Mertoo pobo-
T Oyll0 OIIIHUTH MOXKJIMBICTHh BHKOPHCTAHHS
XITOTPiO3WAa3HOI AKTHBHOCTI SK JOJATKOBOTO
Olomapkepa B JiarHOCTHUII JII30COMHUX XBOPOO
HakonmdeHHs (JIXH) B VYkpaini, BuzHauuTH 1
MMOKa3HWK Yy TIJIa3Mi KpPOBI TMAII€HTIB 13 Pi3HUMHU
JT130COMHUMH 3aXBOPIOBAHHSMH Ta OL[IHUTH BILINB
Ha HbOTo HasiBHOCTI dup24bp B reni CHIT. [lokaza-
HO, IO XiTOTPiO3W/Ia3Ha aKTHBHICTH IJIa3MH KPOBi
€ 3pYYHHM JIOJIATKOBUM OiOXIMIYHUM MapKepoM y
KOMIUTeKCHIH miarHocTuii okpemux JIXH, a came
xBopobu ['ome, xBopobu Himanna—Ilika A,B,C Ta
GMI-ranrmio3nno3y. Busnadeno pedepeHcHi Mexi
HOPMAaJTBHOI XITOTPiO3UAa3HO aKTHBHOCTI B IJIA3Mi
KpOBi HacelneHHs YKpaiHW, SKi CTaHOBIATH 8,0—
53,1 aMonb 4-MeTuIyMOemihepoHy/TOI MIT TIIIA3MH,
y TOW came Jac cymapHa dactorta aneis dup24bp B
reni CHITI cranoButh 0,26 (323/1244), mo Burie
3a 4acTOTYy LbOTO ICHETHYHOI'0 BapiaHTa B 1HIIUX
€BPONEHCHKUX MOMYJISILisAX. 3a3Ha4YEHO, 110 MOJIe-
KYyJISpHO-TeHeTHYHHUH CKpuHIiHT dup24bp B TeHi
CHITI € HEOOXiTHUM €TaroM MPOTOKOIY Jabopa-
TOPHOTO JiarHOCTyBaHHs XBopoOu [ome, XBopoOu
Himanna—Ilika A,B,C Ta GMI1-raurnio3uaosy s
YHUKHEHHSI XHOHO{ IiarHOCTMKH LHX 3aXBOPIO-
BaHb.

Knwoduosi cloBa: XITOTpio3uaa3a,
JM30COMHI  XBOpOOWM  HAKOMWYEHHS, JehIIUT
XiTOoTpio3uaa3Hoi akTuBHOCTI, TeH CHITI.
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XHUTOTPUO3UJIAZHASI AKTHBHOCTD
KAK JOHNOJHUTEJIBHBIN
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OnucaHo HECKOJIBKO T'€HETHYECKHUX BapHaH-
TOB, NPUBOASAMIMX K AeQULIUTY XUTOTPHUO3MAA3-
HOW aKTHBHOCTH, XOTsl HamOoJsiee pacripocTpaHeH-
HBIM CpeId EBPONCHCKUX TMOMYJISLUN SBISCTCS
nymukanus 24 n.H. (dup 24 bp) B 10-om sk30HE
reda CHITI, xotopassi NpUBOAUT K IMOJHOH moTe-
pe PH3MMATUYECKOM aKTHBHOCTH IMPOAYKTa IEHa.
Lenbto paboThl OBLIO OLEHUTH BO3MOKHOCTH HC-
MOJIb30BaHMSI XUTOTPHO3UAA3HONH AKTHBHOCTH B
Ka4yecTBE JIOMOJHUTEJIBHOIO OuMoMapkepa B Jua-
THOCTHKE JIM30COMHBIX OOJe3HEH HaKOIJICHUS
(JIBH) B YkpanHe myTeM OmpeaeseHrus 3TOro Io-
KaszaTels B IUIa3Me€ KPOBH HAIlMEHTOB C Pasiiny-
HBIMH JM30COMHBIMHU 3a00JICBAHUSIMU M BIUSHUS
Ha Hero Hanmwuus dup24bp B rene CHITI. Ilokaza-
HO, YTO XUTOTPHO3UAA3HAsI aKTUBHOCTH B IUIa3Me
KPOBH SIBJISIETCS] YAOOHBIM JIONOIHUTEIBHBIM OHO-
XUMHYECKUM MapKepoM B KOMIIJICKCHOW IUarHo-
cruke otaeabHbIx JIBH — Oonesnu Tomre, 6Oone3nu
Humanna—IInka A, B, C u GMI-raarano3ungo3a.
Omnpenenenbl pedepeHCHbIE MTpeiesibl HOpMalbHON
XUTOTPHO3UAA3HON AKTHBHOCTH B IJIa3M€ KPOBH
HacelleHUsl YKpauHbl, KOTOpbIE COCTaBIAIOT &,0—
53,1 amonp 4-meTunymoenudepoHa/d-MIT TIIa3MEI,
B TO K€ BpeMs CyMMapHas yacToTa ajuienst dup24bp
B reHe CHITI pasHa 0,26 (323/1244), uTo BBIIIIE Ya-
CTOTBI 3TOr0 I'€HETHYECKOr0 BapuaHTa B IPYTHX
eBponeicKuX nonyasinuax. OTMEUeHo, 4TO MoJIe-
KyJSIpHO-TeHeTHYeCKuit CKpuHUHT dup24bp B reHe
CHITI saBnsieTcst HEOOXOAMMBIM 3TAarloM MPOTOKO-
na 7a00paTOPHOrO0 OUArHOCTHPOBAHUS OOJIE3HU
Tome, 6one3nn Humanna—Iluka A, B, C u GMI-
TaHIIMO31103a BO 30€KaHNe JIOKHON AUAarHOCTH-
KM 3TUX 3200JI€BaHUH.

KnrmoueBble clloBa: XUTOTPUO3UIA3A,
JIU30COMHBIE O0JIE3HN HAKOTUICHHU S, 1e(DUIIUT XUTO-
TPUO3U1a3HON aKTUBHOCTH, reH CHIT].
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